Up-Regulated Expression of miR-23a/b Targeted the Pro-Apoptotic Fas in Radiation-Induced thymic Lymphoma
MicroRNAs (miRNAs) are small, single-stranded, noncoding RNAs, which usually bind to the 3'-untranslated region of target mRNAs [1] and are capable of inducing posttranscriptional gene regulation by blocking translation or by degrading the target mRNA [1] [2] [3] [4] [5] [6] . Studies have shown that miRNAs are involved in several human cancer, including lung cancer, liver cancer, chronic lymphocytic leukemia, gastric cancer, large cell lymphoma, and Burkitt's lymphoma [7] [8] [9] . Specifically, miR-23 has been shown to be enhanced in gcute lymphoblastic leukemia (ALL) [10] , acute myeloid leukemia (AML) [10] , gladder cancer [11] , gastric cancer (stomach) [12] , glioblastoma [13] , pancreatic tumor [14] , uterine leiomyoma [15] , hepatocellular carcinoma [16] and other tumors [16, 17] . Even several important papers regarding miR-23 associated with cancer have reported, however, the expression level and the potential novel target of miR-23a and miR-23b in radiation induced carcinogenesis are largely unknown.
Radiotherapy is an important treat method for many types of cancers [18] [19] [20] . However, Ionizing radiation (IR) is a well-known carcinogen but the mechanism for radiation-induced carcinogenesis is still poorly understood [21, 22] . Our previous studies have found that ERK1/2, STAT3, SHP-2 and TLR4 are also involved in γ-ray induced thymic lymphomas [23] [24] [25] . However, the expression level of miR-23 in radiation induces thymic lymphomas is still not clear.
In this study, we described the up-regulated expression of miR-23a/b targeted the proapoptotic Fas in radiation-induced thymic lymphoma in BALB/c mice. To the best of our knowledge, this may be the first report of miR-23a/b in radiation induced thymic lymphoma in BALB/c mice.
Materials and Methods

Mice and treatments
Radiation-induced (4X 1.75 Gy) thymic lymphoma model was as described in our previous work [23] [24] [25] . A
Apoptosis assay
After different treatments, cells were labeled with annexin V-FITC and propidium iodide (PI) provided by BIPEC, following the manufacturer's instructions as described previously [6, 24, 26, 27, 29, 30, 34] . Samples were examined by Fluorescence Activated Cell Sorting (FACS) analysis, and the results were analyzed by using CellQuest software (Becton Dickinson, San Jose, CA) as described previously in our published paper [24, 27, 30] .
Cell proliferation assay
Cell proliferation assay were examined by MTT assay performed as described previously [24] . Briefly, after incubation for different time at 37℃ in 5％ CO 2 , the unattached cells were removed by gentle washing with HANKS buffer. 100 uL DMEM and 20 uL MTT (5 mg/mL) (Sigma, USA) were added to each well. After incubation at 37℃ for 4 h, the medium was discarded. 200 uL of 0.04 mol/L hydrochloric acid in isopropanol was added to each well. The amount of MTT formazan product, which reflects the number of cells adhering to FN, was determined by measuring absorbance with a microplate reader at a test wavelength of 570 nm and a reference wavelength of 630 nm.
MicroRNA target prediction
MiRNA targets were predicted using the algorithms TargetScan (http://www.targetscan.org), miRanda(http://www.cbio.mskcc.org/mirnaviewer), PicTar(http://www.pictar.bio.nyu.edu), miRGen and miRBase (http://www.microrna.sanger.ac.uk) [2] [3] [4] [5] .
Plasmids
The luciferase-3' UTR reporter constructs were generated by introducing the full length murine Fas 3'-UTR into pGL3 promoter vector (Promega) in a method similar to our published paper [24, [28] [29] [30] . We first amplified the wild type Fas 3'-UTR sequence by PCR using primers: Fas. F (5'-TGGAtctagaACTACCTCAGTTCCAGCCATGA-3') and Fas. R (5' -GCTGtctagaGAAATGCAAAAAGAGATACTTTAAT-3') and the murine genome cDNA were as a template. The PCR product was ligased into pGL3 promoter vector by the XbaI site. The mutated mouse Fas 3' UTR plasmid was directly synthesized by Jierui company (Jierui, shanghai, China). All PCR products were verified by DNA sequencing.
Luciferase assay
Luciferase assays were carried out in NIH3T3 cells (ATCC) as described previously [24, 28, 30] . Briefly, cells were first transfected with appropriate plasmids (TK renilla luciferase plasmids, wild type or mutated mouse Fas 3' UTR pGL3 promoter vector, synthetic miR-s (mimics/inhibitors (anti-sense oligo, ASO) with scramble control) in 24 -well plates. Then, the cells were harvested and lysised for luciferase assay 48h after transfection. Luciferase assays were performed using a luciferase assay kit (E1910, Promega) according to the manufacturer's protocol. TK renilla luciferase was used for normalization in Dual Luciferase assays.
FACS assays
FACS assays were used for detection of Fas protein level similar to our published methods [24, 26, 27] . Generally, prior to fluorescent antibody staining, all cells were incubated with CD16/CD32 antibody at a concentration of 1µg/10 6 cells/100µl for 15 minutes at 4 o C to block Fc receptors. Fluorescent antibodies and respective isotype controls were then added at a concentration of 1µg/10 6 cells/100µl, and cells incubated for a further 30 minutes at 4°C. The cells were washed once with ice-cold PBS (pH 7.2) containing 0.1% NaN3 and 0.5% BSA, and re-suspended in 300µl PBS. Cells were then labeled with PE labeled anti-mouse Fas/CD95 (eBioscience,12-0951) in PBS for 30 min, and then washed, analyzed by FACS according to the manufacturer's instructions as described previously [35] . Flow Cytometry was performed using a FACS Calibur and data analyzed using Cell-Quest software (both from Becton Dickinson, Mountain View, CA) as described previously [26, [35] [36] [37] .
Statistical analysis
Comparisons between experimental groups and relevant controls were performed by Student's t-test. P< 0.05 was considered a statistically significant difference. The inverse correlation assay was examined by Spearman correlation analysis.
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Results
MiR-23a/b is up-regulated in radiation induced thymic lymphoma tissues
To test the expression of miR-23 in radiation induced thymic lymphoma tissue samples (shorted as T, tumor) and normal control non-irradiated thymus tissue samples (shorted as N, Non-Irradiated normal control), qRT-PCR analysis of miR-23a/b expression level was performed in 9 pairs of radiation induced carcinogenesis tissue samples with normal control non-irradiated thymus tissues. It was shown that miR-23a and miR-23b expression level were significantly higher in radiation induced thymic lymphoma tissues than in matched normal control non-irradiated thymus tissues (Fig. 1) .
Suppression of apoptosis by over-expression of miR-23a/b in lymphoma cells
To determine the role of miR-23a/b in cell proliferation, a miR-23a/b mimics was transfected into the murine thymic lymphoma cell line EL4 cells. The validity of miR-23a/b ectopic expression was confirmed by qRT-PCR ( Fig. 2A) . Also, miR-23a/b specific antisense oligo (miR-23a/b ASO) could down-regulate the expression of miR-23a/b (Fig. 2B ). The total cell number of EL4 cells transfected with miR-23a/b mimics was significantly higher than the control group (Fig. 2C) . Furthermore, cell apoptosis was significantly decreased after transfected with miR-23a/b mimics (Fig. 2D) . These results indicated that the enhanced expression of miR-23a/b by transfection showed a pro-proliferative and oncogenic effect. Furthermore, miR-23a/b specific antisense oligo could up-regulate the apoptosis rate of EL4 cells (Fig. 2D) . These results indicated a potential therapeutic target of miR-23a/b in radiation induced thymic lymphoma.
Fas is a direct target of miR-23a/b
The 3′-UTR of Fas was screened for complementarity to seed sequences of known miRNAs via bioinformatics analysis. As shown in Fig. 3A , wild type of mouse mRNA 3'UTR carried a putative miR-23a/b binding site while the 258-264 mutated mouse Fas 3' UTR failed to bind miR-23a/b. miR-23a/b significantly reduced the luciferase activity of the wild type Fas 3'UTR with respect to the negative control. However, miR-23a/b had no effect on the luciferase activity of the 258-264 mutated Fas 3′UTR (Fig. 3B) . These data indicated that miR-23a/b may target Fas in a 3′UTR dependent manner. FACS assays showed that overexpression of miR-23a/b decreased the amount of Fas protein (Fig. 3C) , suggesting that 
miR-23a/b negatively regulated endogenous Fas protein expression through translational repression mechanism. Interestingly, miR-23a could repress Fas protein and the luciferase activity of the wild type Fas 3'UTR more potent than miR-23b ( Fig. 3B and 3C ).
The additional binding site besides conserved seed region enhanced the regulating capacity of miR-23a
Since miR-23a could repress Fas protein and the luciferase activity of the wild type Fas 3'UTR more potent than miR-23b ( Fig. 3B and 3C) . To investigate the mechanism, mutated Fas 3'UTR was constructed and DLR assays were performed (Fig. 4A) . Consistent with Fig.  4B , miR-23a could repress Fas protein and the luciferase activity of the wild type Fas 3'UTR more potent than miR-23b and both miR-23a/b has no effect on the luciferase activity of the 258-264 mutated Fas 3′UTR. However, 246 mutated Fas 3′UTR attenuated the higher regulating capacity of miR-23a (Fig. 4B) . Thus, our data also indicates that the additional binding site besides conserved seed region enhanced the regulating capacity of miR-23a.
Fas is a mediator of miR-23a/b functions and play a role in cell proliferation and apoptosis.
To explore the relevance of Fas in miR-23a/b related functions, we performed rescue experiments of Fas over-expression in cells ectopically expressing miR-23a/b. As shown in Fig. 5A , over-expression of Fas attenuated the pro-proliferation effect of miR-23a/b significantly. Furthermore, over-expression of Fas enhanced the apoptosis rate in cells with or without miR-23a/b over-expression (Fig. 5B) . These data indicated that although other 
Fas level was down-regulated in split radiation induced lymphoma tissue samples.
It was shown that Fas expression level was generally and significantly lower in radiation induced thymic lymphoma tissue samples than in matched normal control non-irradiated thymus tissue samples (Fig. 6A) . Furthermore, we also found inverse correlations between Fas protein and miR-23a/b expression level among 9 pairs of different tissues (Fig. 6B) . We 
Discussion
In the last few years, several studies had shown the dys-regulation (down-regulation or up-regulation) of miRNAs in various types of cancers [5, 10-16, 24, 38, 39] . Identification of cancer-specific or cancer-related miR-s and their targets is critical for understanding their role in tumorigenesis and may be important for defining novel therapeutic targets and drugs [2, 10, [40] [41] [42] . Studies have shown that ionizing radiation is a well-known carcinogen for various human and mice tissues and it is able to initiate and promote neoplastic progression [24, 25, 27, 43] . 
Cellular Physiology and Biochemistry
It is now widely recognized that the small endogenous RNAs are able to interact with many physiological essential genes. These RNAs are known to play important roles in diverse biological processes, including development, cell proliferation, apoptosis, and differentiation, and cancer development. Our paper described the gene silencing of Fas, which is a key receptor for T-cell homeostasis, by miR-23a and miR-23b during radiation carcinogenesis in mouse thymic lymphomas. To the best of our knowledge, this may be the first report describing changed expression level of miR-23a/b in radiation induced thymic lymphoma tissues in BALB/c mice. In this work, we investigated the several miRNAs of thymic lymphomas induced in BALB/c mice, we found that the level of expression of some miRNA are correspondent with result of Bueno et al [44, 45] . Like miR-21 and miR-17 were up-regulated in both models and miR-203 is down-regulated in both models (more greater in there model). However, still some miRNAs present different level of expression, such as miR-23 was only selected by our model; MiR-155 and miR10b are reverse expression in difference mouse strain [44] .
MiR-23 was reported to be up-regulated in the mouse liver tumors as well as in primary human HCC [46] . MiR-23 enhances angiogenesis by promoting angiogenic signaling through targeting Sprouty2 and Sema6A proteins, which exert antiangiogenic activity. In that manner manipulating miR-23 levels may have important therapeutic implications in neovascular related disease like cancer [47] . MiR-23a promotes the growth of gastric adenocarcinoma cell line MGC803 and downregulates interleukin-6 receptor [48] . There is also a Nature retraction paper: Hes1 is a target of microRNA-23 during retinoic-acid-induced neuronal differentiation of NT2 cells [49] . Similarly, another paper reported that the protection of RPE cells against oxidative damage is afforded by miR-23a through regulation of Fas [50] .
The Fas death receptor is a cell surface molecule involved in apoptosis as well as in proliferative or activating signals of many cells types. Alteration in the Fas/Fas-ligand system has been implicated in the pathogenesis of many tumor types as well as in some diseases of the immune system [51] . It has been demonstrated that mouse thymic lymphomas induced by γ-irradiation expressed lower levels of Fas mRNA, suggesting that a silencing of this gene may contribute to the development of such tumours [52] . We also found that Fas expression level was generally and significantly lower in radiation induced thymic lymphoma tissue samples than in matched normal control non-irradiated thymus tissue samples. Furthermore, we also found inverse correlations between Fas protein and miR-23a/b expression level among 9 pairs of different tissues An interesting result is that we find that the expression pattern and function of miR23a and miR-23b are very similar to each other, however, miR-23a could repress Fas protein and the luciferase activity of the wild type Fas 3'UTR more potent than miR-23b. Our data also indicates that the additional region besides conserved seed pairing may enable miR23a's higher regulation. This is very important since traditional role of miR-mRNA binding were mostly through the conserved seed pairing region. Our data also showed that the other binding site may also play a role in miR regulation.
Conclusions
In conclusion, we found that the expression of miR-23a/b was up-regulated in radiation-induced thymic lymphoma tissue. We further identified that one direct target of miR-23a/b was pro-apoptosis molecular Fas in thymic lymphoma cells.
